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SumAM Y  FAGS 


TK2  h  CSIEW 

t  A3  cn  ell  csrlUs?  Apallo  qSoSctj,  <H©  eifraniutt  on  Ihc  flat  tuaer  lending 
ck^;i  A^sSJo  XI  csr?Jcd  passive  dedrcstor  pecks  on  chip,  thigh,  end  ankle,  oooteln- 
fag  r^jbs?  esJ  ©rdtoy  tssdg#  emulsions,  Ik nwobatentstf  powder,  loan  felts, 
cid  epSrea  ectlvs^ka  fells.  Of  ihtss  dtffimnl  radiation  sensors,  Ike  nuclear  emulsions 
gt3  e$  tepoffieno©  sine®  fey  allow  determination  of  particle  types  and  energy 

ffeetesi  of  ths  various  ecn^ItocnJa  ©f  Ike  radtattem  environment  In  raece.  This  report  13 
Itedfod  to  0  prc33f*o$l3«  of  Ik®  flrcJIr^s  with  nudser  emulsions. 

FINDINGS 

Per  JwwJis  ef  tlsso  e$cmy,  ate  peck  (Nell  Acnstveng,  Cweariw,  Ankle) 
©bsfc-J  for  g  complete  hock  end  groin  count  analysis  offeG.9  end  K.2  emulsions 
wppS&^anted  fey  on  enders  count  In  tke  K.2.  A  proton  fee  of  151  edlltiod  or  220  mill!* 
For  ell  cfer  packs,  eartly  tnfei counts  were  carried  out  In  tke  1C, 2 
eojlt!^  fess  was®  found  to  very  between  35  end  42  ends n/m&,  mmllsid  to  20©- 
mlc^  ttilckm  of  unprocessed  emulsion,  by  applying  Yaga  da's  eerfkod,  Ike  star  fra- 
quanay  In  tko  getetin  matrix  of  tke  K.2emulelera  wet  eTOehltched  kern  die  Integral 
pm§  cpechwas  end  fom&hed  a  dose  contribution  from  disintegration  stem  In  Hem  of  15 
nUlthaJ  or  94  mlillrosa.  Tke  deco  hotn  feat  neutrons  was  ctffotted  at  1.2  mtlllnd  or  12 
«llit®o  flraea  tbs  count  of  raced  protons.  Only  a  coarse  estimate  of  tke  dose  eontrifei- 
tlca  fee®  ofeefrons  and  gemrao  rays  was  poalkle  by  compering  Ike  kick  count  of  temataat- 
fag  ©S^faona  In  die  fbm  enalstons  to  tke  one  In  ike  see  level  controls.  Tke  dose  eat 
eeriest  at  about  30  mllltaed  which  Is  Identteal  to  tke  mttltroni  does.  Ike  seen  for 
heavy  nuclei  was  limited  to  hacks  wlfk  Z  numbers  of  22  or  greeter.  Ike  fkm  of  tke 
fflodfow  end  lew  Z  pert  of  Ike  heavy  speetwm  eras  omemed  theoretically  Horn  tke 
mammd  duK  In  tke  heavieet  clera  according  to  Z  abundances  reported  In  dra  llteaofero. 
A  tela!  efeerfesd  fes  of  5.3  etf  lilted  from  heavy  nuclei  was  obtained.  Applying  con- 
vantlc^l  QF  values  to  tke  contributions  of  tke  various  Z  groupe  femkheo  a  dose  eqfulw- 
tertt  ©7  46  mllllmn  although  this  cermet  be  considered  on  adequate  enpraerfeo  of  die 
alcteLaam  effectiveness  of  hl#>  73.  particles  In  tissue.  Ike  Indloeted  contributions 
famtdi  o  ipand  feta)  mission  dose  of  201  mllllrod  or  402  ndlltram. 
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INTRODUCTION 


fi'a?  kar  mission  Apollo  XI  was  launched  on  16  July  IM9  and 

cpfcl^J  e!b^  m  24  July  afar  a  total  nfedon  tins*  of  195.3  hour*.  As  on  oil  earlier 
ete&^aa,  the  ©sSrsnsiste  oo  Apollo  XI  wane  equipped  with  a  variety  of  redhtkm  dotlm- 
cid  wfV'By  motors  o  (hot  they  would  bo  ptpaod  for  oil  contluponflii  and  could 
c&iry  cart,  el  ©?ty  ttesa,  Ir»5U^.|  readings  of  Instantaneous  akin  and  depth  dooa  rota*  oa 
otIS  C3  C2«wbsd  tos  (1),  la  addition  to  (heat  active  doafmetore,  Hr#  astronauts 
csmtcdff  In  pa^ckcs  In  ttaair  ccesioitf-waay  janwnti  on  chest,  thigh,  a ad  ankle,  passive 
dedE^tora  for  past-fil^t  eraiyrb  af  foe  lotal  mission  mtposure.  There  radiation  pacha 
ecs&LJSsd  mobs?  end  ccdlnesy  film  badge  esautstoas,  foannoluminrecant  material,  Laaeon 
feXtej  sad  neutron  eettostien  Mis.  Of  therm  nnum,  foe  nuclear  emulsions  era  of  ualqu® 
ebes  they  foenkh  e  permanent  record  of  oil  nuelaor  particle*  dikh  Wave 
cr„‘cr.  -J  c?  Is^  &a  olicoivt^  body  of  lha  looetlon  of  ba  pock.  The  following  lepers'  to 
llslici  So  the  foam  Ibo  nuclear  emulsion*  and  presents  Iba  reeulta  of  die  mkro- 

eeoptc  track  ceding  which  bed  been  occumktod  when  foe  teaming  effort  had  to  fcas 
ew*:c;od  to  dm  ansltkns  of  Apalio  XII. 


A»!da  Item  foa«xMphetagraphk  materials  mentioned  above,  die  peeks  eontafrssd 

craHnsHao  of  Mod  0.5  eewbtorm  of  25 and  50  and  100  rnkroh  thkfcaeas  and 
K.2  cauMarm  of  100  micron,  cnTCaory  Ccdmtw  Kodak  daublo-coeipotwrrt  film  badge 
•m&wm,  and  Coatann  Kodak  paraaoal  aaufran  monitoring  aaaiklons.  AiwMi  Ibo 
raictcsr  caEuhbmi  of  wrllar  maimed  adatom,  Ibeaa  different  typoa  <pf  data  wane  aatafe™ 
lldb^d  In  aapaiato  caomtefj  tuna.  Tbace  were  hook  and  gMln  counts  In  0.5 end  K.2 
eaukkmm,  proton  ondaread  resets®*  taaofl  oaurda  to  K.2emutelens,  and  beamy  nude! 
cMtdnO.SMuUoa.  A  ccnbhtd  tea  brat  Ion  af  foete  data  aaawed  aula  triad  rmcb” 
ties*  c?  energy  over*  vsrv  wb*a  range  mant lolly  daw*  to  aero  May  fenders)  and  e  Slowed 
detoolnaittot  of  (ba  total  ettetoi  data  bodi  In  tanas  of  obaothsd  doaa  fedllltod)  and  dw 
e^lvalM  htllllita)*  The  datalb  of  dta  (brae  Methods  have  baen  described  In  a  number 
of  ezzllisa  publtesttansi  (H). 

On  dssp-apeea  mfaatam,  Iba  gaboHo  contribution oeccunts  fora  tabrianflally 
large?  part  of  (bo  total  mhstot  data  equivoke*  than  It  doaa  on  a  atandard  aaor-Bartb 
artHc!  mfatot  cf  lew  Inclination.  Ibta  book  difference  become  strikingly  apparant 
whc«  lha  amldai  data  of  Iba  aaor^Carib  orbital  mhtlan  Apollo  VII  warm  compared  to 
ttawsef  d»o  first  lunar  artssOen  Apollo  VUI  oa  doccrtbed  in  e  preceding  report  (7).  Aea 
ccsmrjsmsa  of  ibo  greeter  Importance  of  galactic  radiation  an  o  dsat>’Spaaa  wtrska, 
the  dssa  contribution  bora  ee-called  disintegration  stars  rtlnatsd  mainly  by  high-energy 
galactic  pretom  and  neutrons  In  the  body  tfrsuas  (beams  tots  ftkowlte  atsutaas  statable 
propGillssns  and  con  no  longer  be  dtmegprdsd.  Dele  on  tbla  component  ora  preeented  b 
ttos  fzzzzti  report  for  foe  first  time.  Although  (ba  star  oaurda  are  collected  together  with 
t?;e  and  recoil  count*.  It  aright  ba  more,  appropriate  to  consider  foe  alar  dbto  as  a 
r  fourth  eat  In  addHton  to  ibo  fora*  conventional  anas  mentioned  above. 
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DOS  CONTRIBUTION  FROM  TRAPPED  PROTONS 

A  rajc?  portico  of  th©  ostrcrcuts'  radiation  exposure  on  o  lunar  mission  Is  du©  to 
J  Patens  encountered  In  two  pcssei  through  the  rodksfloo  bait.  The  flaw  Entity  of 
prose  J  la  hl^ost  In  o  comparatively  narrow  regie*  of  the  so-called  Inner  belt  about  the 
porspgnatte  ©quator.  It  drops  steeply  toward  higher  latitudes.  Therefore,  the  radiation 
Isvo  ^  encountered  on  trarsslunor  ond  trera-Eorth  Injection  sensitively  depend  on  the 
particular  gacauQnotk  tra  jectories  of  o  mission.  Since  the  planes  of  the  gaomsgnetle 
cqus* /,?  end  the  Moon's  crfelt  ofeout  the  Earth  draw  o  continuously  varying  angle  of 
InclU.jtion,  tho  trajectories  in  question  vary  from  minion  to  mlsslen  depending  on  the 
postkjbr  engta  of  inclination  at  the  time  of  passage.  Tho  Indicated  conditions  w»ro 
oxcepJlcnslly  favorable  on  both  passages  of  the  Apollo  XI  mission,  yet  rather  unfavorable 
on  tens* Earth  Injection  on  Apollo  XII. 

Flyura  1®  Atcwa  t5vo  gsomagnetic  Ha|octortes  through  the  Inner  radiation  belt  for 
tho  two  Kileksna  Apollo  XI  end  XII.  The  coordinate  system  Is  Kt-colled  I,  L  space  In 
which  tho  gocwaagnatlc  equator  appears  os  e  hyperbola  end  ell  longitudinal  asymmetries, 
which  tho  magnstle  field  of  the  Berth  shews  In  geographic  coordinates,  disappear.  It  Is 
seen  from  Figure  1  that  tho  return  trajectory  of  Apollo  XII  pelted  very  closely  to  lb© 
eentc?  cf  tho  Inner  belt  with  fftux  densities  In  aeceeas  of  4,000  protore/cra*  sec,  whams 
an  Apslio  XI  th®  outgoing  trajectory  come  closest  to  the  cantor  yet  still  brushed  only 
brbfty  tho  500  protort/cm1  sec  tsoftux  line.  In  terms  of  Barth- Moon  distance,  the  high 
radfetflcn  craa  of  the  Inner  belt  Is  still  In  very  close  vicinity  of  the  Earth.  Therefore, 
the  vehicle  travels  at  practice  I  ly  foil  escape  or  reentry  velocity  os  It  panes  through . 

This  circumstance  In  connection  with  the  heavy  Inherent  shielding  of  the  Apollo  vshkie 
kmp2  th©  radiation  exposure  front  trapped  protons  one  orrprlslngly  low  level. 

As  mentioned  before,  the  details  of  the  evaluation  of  the  proton  dose  from  track 
<md  £ja!n  counts  In  G.5and  enders  counts  In  K . 3 hove  been  described  In  report*  on 
earlier  missions.  [The  reader  la  especially  referred  to  the  report  on  the  Apollo  Vil 
njic’cv  (6). }  In  the  present  report  on  Apollo  XI,  we  limit  ourselves  to  e  presentation  of 
tba  final  results.  For  reason*  of  time  economy,  only  one  peck  (VN  135,  Commander, 
Ankb)  wes  subjected  too  foli  track  end  grain  count  of  the  G.5end  K.2 emulsion  rheott. 
Tab!®  I  present*  the  data  already  expressed  In  LET  oleoma.  A  total  of  1937  track*  in  the 
G.Sond  2034  tracks  In  the  K.2  emulsion  were  grain  counted  ond  their  respective  lengths 
detained.  An  area  of  7.2  mm*  of  the  K.2  emulsion  In  the  center  of  the  film  dteet  was 
scanned  for  proton  enders. 

The  differential  flux  In  high  LET  classes  diowt  major  local  variations  reflecting 
variations  of  th©  local  dileld  distribution.  At  the  sorr*  time,  grain  counting  In  them  LET 


•In  order  not  to  break  tho  continuity  of  the  text,  oil  tableland  Illustrations  appear  at 

tho  end. 
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cJsrca  13  la  accurate  bsccuca  of  groin  crowding  which  malted  Itself  felt  even  In  the  K  ,2 
far  ino  tarso  lilg^  LET  elsssss.  Thc^fora,  the  LET  c  losses  beginning  with  9,80  kev/ 
en'ercij  tlsaj®  was ©  ©uafusstaJ  by  establishing  the  grand  total  track  length  for  these  etc ssm 
erd  redistributing  the  fetal  Into  Individual  classes  according  to  o  curvo  of  smooth  fit  with 
Bt©  CJiiacB  count  ca  anchor  point  at  the  upper  end  of  the  LET  scale.  This  Is  the  rocson 
why  In  Table  I  only  the  total  fkot  for  the  seven  highest  LET  domes  is  shown  since  cnly 
thb  ftax  Is  bacad  directly  on  the  row  scores. 

Dstarmlnlng  the  flux  densities  In  the  high  LET  dooms  os  accurately  at  possible 
Is  cftpsslol  iG^crtcrao  bacaues  these  classes  contribute  most  heavily  to  the  total  does. 
Moreover,  they  fomfdi  tho  dose  fraction  to  which  QF  values  of  3*0  end  larger  would 
kavo  to  bo  G£3*gr©d  If  absarb&d  dcsss  ere  to  be  converted  to  dose  equivalents.  The 
latto?  clrsuE'starsco  forth©?  enhsneas  the  weight  of  this  particular  fraction  of  the  total 
f’u:.! .  tim*  heavy  this  weight  already  Is  In  tenet  of  absorbed  dose  Is  well  demonstrated 
In  R{pre  2  which  thews  the  dots  of  Tebk  I  In  two  histograms,  the  lower  one  pertaining 
to  fkc:  denslfrls®  end  She  vpp&r  cne  to  the  corresponding  absorbed  daees  In  mlllltad.  Con- 
trjsy  to  Ijso  presentation  In  Table  I,  e  QF  limit  of  2.0  was  selected  In  Figure  %  thus 
th®  ot^t  highest  LET  closes  ore  lumped  together  Into  one  bar.  H  dvould  be  obvious  that 
singly  CTplylrg  a  ntsan  QF  to  tits  bulk  dees  of  the  right- bond  bar  would  Infrotfoce  a 
fcrjp  :^T§h  o?  uncertainty  Into  the  assessment  of  the  dose  equivalent.  The  QF  values 
listed  !«  Column  5  of  Table  I  correspond  to  the  mean  LET  values  of  the  class  limits  In 
CduK^a  I  cod  2  end  hove  been  established  according  to  (ha  recommendations  In  Kibll- 
cafe  9  of  ths  International  Commission  of  Radiological  Protection  (ICRP)  (I).  Below 
CcStcj  4  end  6  In  Toblo  I  tho  grand  totals,  130.7  mllllrad  end  230.0  milt  hem,  mpsc- 
lively,  or®  listed.  Although  It  hot  been  mentioned  In  oil  eorifer  reports,  It  should  bo 
mpro&ly  rasntbrod  e^aln  that  Brass  doses,  which  we  loosely  call  proton  dcees,  actually 
contain  a  ssssll  undetermined  fraction  from  alpha  portlet*)  and  a  still  awller  fraction 
from  Icw-Z  heavy  nuclei. 

As  mentioned  before,  the  fust-reported  complete  analysts  of  the  proton  doss 
psrtolra  to  th©  6.5  end  K. 2  emulsions  cSl only  one  pock.  For  the  eight  other  pecks 
carried  by  Bra  astronauts  and  for  the  extra  pock  carried  in  the  film  beg,  only  enders 
and  eSer  counts  were  dons .  The  enders  counts  varied  from  a  lowest  value  of  33  endsr$/ 
mm*  In  SO-mfcron  K.2  emulsion  to  a  highest  of  42/mm*.  Since  the  enders  count  It 
rop3®£J3»tat!vo  of  Bra  flux  fraction  of  lowest  penetration,  It  draws  ebdsntlsliy  lorgsr 
varfoftero  than  tho  total  flux.  Thera  fora,  the  total  proton  doses  at  the  eight  loeettone 
rajs'?  have  varied  less  than  tbs  endets  counts.  The  endets  count  In  the  K.2  emulsion  of 
fteck  S>l  T35,  which  was  subjected  to  the  complete  heck  and  groin  count  analysis  |uit 
p reessCsd,  was  40.0  onden/mm*  normo  1 1  ted  to  o  thickness  of  200  micron  of  unprocessed 
emulsion. 

DOS  CONTRIBUTION  FROM  TISSUE  DISINTEGRATION  STARS 

A3  mentioned  before,  ths  dose  from  hopped  protons  on  Apollo  XI  wo*  exception¬ 
ally  lew  duo  to  naa r-optlmum  he|eetory  porameteri  In  both  pesragss  through  the  Inner 
redtatten  bait.  This  meeni  that  ell  other  contributions  to  the  mission  dose  ora  enhanced 
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3  sboiva  Ike  date  of  TebJo  II  In  a  eemlfeg  plot.  Th«  cherocterfefk  db~ 
^  tn  *•  **  pmns  RUB!fc*f  7  *■  cloorly  MM.  The  taken  lln*  Indkotes  &© 

dsal^sMIs®  «afo®fa®tetten  ol  foe  literal  prong  spectrum  os  It  would  Hold  without  ths 
tpfevfo  fovnffolng  cc&ltkrrsl  Man  below  prong  number  7.  The  difference  of  the  extrep©- 
.zTcd  ©ad  thn  actually  observed  Integral  spectrum,  then,  must  represent  foe  star  confrlbu- 
fees  ths  gstetfn  Kafr  be  of  die  emu  Id on.  Ibis  ccntrfoutlcn  Is  diown  separately  In 
F^gUfS  3. 


A  ejssstel  prc&isca  In  foe  evaluation  of  Hie  energy  deposited  by  stars  Is  posed  by 
8tST3.  Many  Sprang  eters  are  difficult  to  Identify  tn  the  scon  end  will  fe® 
crisslstorpsted  os  orrfkssry  proton  enders  drawing  nuclear  scattering.  In  other  wards, 
thofr  crasygy  contrfeutto*  b  already  accounted  for  properly  In  the  ondon  dose.  Others 
pang  tfam  will  ^psw  es  Mwss^i  diets, "  bonce  will  be  accounted  for  tn  the  general 
peteo  desa.  It  Is  eesn,  then,  foot  Inclusion  of  the  3- prong  store  os  obtained  by  dlf- 
6rcr.?fel  CK&as»tetten  of  (be  pmi®  specti ute  tn  tbe  doie  eontvtbuHcn  from  ftauo  stars 
weald  lesd  to  dsubfe  accounting  far  e  taiga  flection  of  them.  Acooptlag  e  sH^tt  undo?» 
Qtlssg  of  fo©  total  energy  dissipation  os  tbe  lamer  error,  wa  have  disregarded,  tn  o msm- 
t:;D  lb©  dksa  contribution  frees  cfeaue  start,  the  2-prang  stars  oltogetber. 

Aa  ©ssy  caleufetten  fomlfose  tbe  value  of  3.95 es  tbe  eteen  prong  numbs?  pz? 

Cm  fe?  ©II  pbtln  stars  wltb  thro®  or  more  ptongi  frees  foe  date  In  Table  II.  Tbb  vebo 
h  6  per  cent  lergsr  then  foe  value  of  3.7  efokh  Yagode  reports  for  kte  osebfeffl 
fism  wltb  balloons.  In  view  of  foe  different  gafoctfc  spectra  at  bolloon  eltHudee  end 
In  desp  cjc®8,  th©  egreesasst  must  be  const  dart  d  very  mtbfectory.  Applying  tbe  values 
q Asted  earlier  for  foe  amen  fenargy"  end  Mmnge*  per  prang  to  foe  prang  population 
of  gelatin  store  In  Table  II  end  remembering  font  foe  gmfettn  matrix  occupies  very  nearly 
fcalf  foe  total  valuers  of  unprocessed  emu  Irian,  wa  arrive  et  dates  of  15mtiltmd  or  94 
oilltea  boa  dMntegmtfan  <sw  bi  Hers.  It  la  seen  foot  foo  star  pbonomsncn  on  o 
dscp-apeeo  mtofen  Indaed  contrlfautea  afeptftconHy  to  foe  total  mfoslondose. 

Backfee  charged  particles,  neutrons  ora  ganarotad  In  dfetntegmtfon  stars.  Since 
esuteeno  fbeoealvee  do  net  Ionize,  tbelr  pefoe  do  not  oppeer  os  vMblo  prangs  In  nuclear 
emulsion.  Quite  gsnerully,  foe  raacbenlsm  of  energy  disstpotfon  for  neutrans  la  com¬ 
pletely  different  Item  foe  one  for  aberged  particles,  Imparting  foelr  kinetic  energy  In 
oSasetlc  ecllhkns  am  Inly  to  hydrogen  nuclei  In  foe  abaorblng  medium,  foot  neutrans 
oalfted  foam  stars  gradually  slow  down  until  fooy  ora  flnelly  captured  In  nuclear  raectfora. 
As  a  conscience,  ntutrone  dllfoea  out  to  much  greeter  distances  from  foe  center  of  foe 
disintegration  where  foey  have  originated.  Therefore,  tbe  energy  of  neutrans  from  e  itor 
csiasot  be  consfooted  es  dleslpeted  Icoelly,  end  It  would  be  erroneees  to  odd  foe  energy 
to  (bat  from  foe  short-ranged  protons  end  alpha  particles  In  assessing  foe  focal  star  does. 

At  any  fetation  In  on  emu  felon  layer,  foe  fecal  neutron  flux  density  reflects  en  equilibrium 
dote,  wlfo  o  rafeeontbl  fraction  of  foe  ffex  originating  In  Her  events  millimeter*  or  even 
csntkaatera  ewey  In  tbe  moterfels  mrroundlng  foo  emulsion. 

The  source  spectra  of  neutrons  originating  In  nuclear  Intoracttens  of  gofectk 
primaries  es  wall  ei  foe  degradation  of  therm  qpeette  In  matter  have  been  extensively 
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Investigated,  and  It  is  well  GijJabllshsd  lhai  do  bulk  of  the  local  i^ulltbrluffl  flux  centers 
heavily  cn  a  r<arrow  energy  interval  o round  I  Mav .  In  tissue  In  particular,  fast  neutrons 
In  the?  energy  foglcn  about  I  Mov  dissipate  their  energy  mainly  through  recoil  protons 
which  they  produce  In  elastic  collisions  with  hydrogen  atoms  In  tissue.  "Tissue  equiva¬ 
lent"  recoil  protons  also  originate  In  the  gslotln  matrix  o>f  emulsion  and  appear  under  the 
aJcroseopa  c:  short  track*.  Since  the  counting  of  these  Hecks,  although  somewhat  time 
consuming,  h  bsslcolly  a  simple  technique  of  meosurlng  flux  density  and  absorbed  dose 
fror.j  fast  neutrons,  considerable  efforts  hove  been  devoted  by  menu  Investigators  toward 
teteblhhteg  on  cjnplrlcol  constant  linking  the  treck  count  to  the  absorbed  dose  0*)»  fw 
r.io  3SHn!crc,i  NTA  emulsion  of  Eastman  Kodak  Neutron  Monitoring  film,  thb  constant  Is 
18  rocotl  trccka  por  cm*  emulsion  orea  for  on  exposure  of  0, 1  mlllltod  from  fast  neutrons. 


In  neutron  raaasurejTOnts  with  nuclear  emu  It  lens  In  space,  complications  cries  doe 
to  tha  feet  iijt  numerous  Hecks  from  Hepped  protons  in  the  radiation  belt  era  super* 
Imposed  on  lb©  neutron  recoil  proton  Hocks.  There  Is  no  Immediate  criterion  ovaliobl® 
by  which  tfoo  two  kinds  of  tracks  could  be  dlstlnguilhed.  Meraly  those  praton  tracks  that 
originate  ©sid  ©rad  In  th®  emulsion,  so-called  suspended  tracks,  can  be  safely  excluded 
os  Wing  free  trapped  particles.  Protons  ending  In  the  emulsion  yet  entering  from  the  out* 
dda  cannot  b  classified  with  certainty  os  to  their  origin.  However,  since  the  neutron 
energy  <pas5;ym  center*  heavily  on  1  Mav,  recoil  protons  with  Initial  energies  exceeding 
(3  ffjvv  Mav  c.’O  quite  nor®.  Therefor®,  endets  entering  the  emulsion  frorq  th©  outside  with 
hl^or  enarglbs,  l.e,,  endom  of  o  sufficient  length,  con  wfaly  be  excluded  as  neutron 
recoils. 

fo  y/i  rr*m}  of  cssnrad  emulsion  area  of  the  IOO~raleron  K.2  In  fbek  W5, 

S3  tuapendad  tracks  were  counted.  Applying  the  Just  "quoted  empirical  constant  to  this 
count,  w©  o:-?!v®  ot  on  obootbed  dose  of  1 .2  mllllrod  corraspondlng  to  o  does ^equivalent 
of  12  milliter  from  fast  neutrons.  This  volue  might  be  slightly  •**  because  the  effi¬ 
ciency  In  roeogn i*lng  short  tracks  begins  to  drop  below  100  par  cant  from  about  0.3  Mev 
dawn  to  Iowa?  enarglcs  because  of  the  background  of  tamlnotlng  electrons  end  other 
mall  grate  efepcclrt  In  the  emulsions.  We  therafaie  would  prefar  i ta  cell  the  quoted 
values  eetlffates  rather  than  precise  figures.  However,  we  reel  thot^they 
the  dee®  contribution  from  fait  neutrons  by  much  less  than  o  factor  of  2  and  dlipmra  the 
atoiwptlon  Esmetlroea  mode  that  neutrons  ere  a  ma|cr  factor  In  the  astronauts  rad  lotion 

exposure. 

DOSE  CONTRIBUTION  FROM  HEAVY  NUCLEI 


The  (-rooter  Importance  of  galactic  radiation  far  the  ostronauN'  radiation  expo- 
cur®  on  a  ctesp-spoce  mission  was  drawn  In  the  preceding  section  vhers  the  dam  contri¬ 
bution  from  disintegration  stars  in  tissue  was  onolyxed.  It  became*  all  J®r,„obvl~# 
whsn  we  Investigate  the  flux  densities  of  heovy  particles,  or  "high  21  particles  es  they 
now  ore  coifed.  The  different  mognltude  of  the  heovy  flux  In  deep 
strikingly  apparent  when  the  heovy  nuclei  counts  of  Ihe  sHsrWo rrt^  rrao r- CortH  ocbltcs 

mission  Apollo  VII  were  compared  with  thooe  of  the  first  . 

earlier  report  (7)  deals  exclusively  with  these  findings.  It  gives  a  detailed  description 
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0?  th© 

ffiJcjproteJJc; 

partis k©, 
lb©  rsa^sr  la 
pjccsdvr© . 


“3  Kistrtcd  c?sd  dteussss  tho  flucj  dots  end  tfie  problem  of  tholr  dosimetric 
3.  Sine®  we  hove  applied,  In  scanning  the  Apollo  XI  emulsions  for  high 
f!no  eama  msthed  and  ussd  the  some  reference  standards  for  Z  determination 
'3kmd  to  this  eerl ter  account  with  regard  to  all  details  of  the  evaluation 
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flsuwi  4  through  10  diow  micrographs  of  typical  high  ZC  particle  hocks  In  the 
tn?.u!sl5?33  flea;  on  Apollo  XI.  they  are  selected  In  anaHsnpt  to  convey  an  Idee  ef  the 
©rest  vorkty  of  partkfoa  which  hide  under  the  common  name  high  ZE  particles.  Figure 
4  dic-ws  ©  Icr^-power  field  with  three  heavy  particles  In  cloee  vicinity.  Their  Z  rumbera 
mo  cstlwatsd  cs  8,  K),  end  18.  The  reader  who  would  went  to  visualise  these  three 
nuctal  traversing  cellular  tiesuo  Instead  of  nuclosr  emulsion  ts  reminded  that  the  stopping 
P3v;c?  of  encjlslcn  U  roughly  twice  that  of  tissue.  In  other  words,  ell  linear  distances 
rcccjured  In  She  eenuktan  mtcrogp&ph  would  be  twice  as  long  In  tissue.  Figure  5  draws 
araftar  ftakj  with  thro©  heavy  particles  closely  together,  taken  at  higher  power  than 
FlC'jre  4.  Tt;a  Z  numbers  ore  estimated  os  10,  12,  and  16.  Figure  6  draws  a  single 
heavy  frock  with  on  estimated  Z  number  of  22.  Figure  7  draws  the  heaviest  track 
reccjc&d  ccj  ctleskssi  Apollo  XI;  estimated  Z  number  ts  28  to  30.  Figure  8  dtowe  e  Hack 
which  por.3?::jte3  the  emulsion  at  a  steeper  angle .  Accordingly,  the  track  Is  In  drop 
focus  only  fc?  ckcut  cae-fcurtb  to  one- fifth  of  Its  hill  length.  The  protective  shortening 
of  c:ocp  ortgb  t?ocha  rskss  there  appear  heavier  than  dray  would  at  a  flat  angle.  Taking 
this  dlshwatcn  Info  ecnsldenstlon,  we  estimate  the  Z  number  at  22  to  26. 

Finally,  Pl^uro  9  end  10  draw  an  ender  or  "thlndown,  *  l.e.,  the  track  of® 
nucleus  which  e©5»£3  to  rest  In  the  emulsion.  The  coherent  terminal  section  cf  the  track 
has  bss-n  beksn  Into  four  potto.  The  track  begins  ot  the  upper  rlght-hsnd  comer  In 
Figure  10,  wlrh  lower  ends  ccrwactlng  to  erifocent  upper  comer  to  the  left.  Whereas 
fh©  tracks  In  Rguraa  4  to  8  ©re  ell  from  0.5  emulsions,  the  ender  In  Figures  9  end  K> 
was  found  1(3  K.2  essalckn.  The  much  lower  sensitivity  of  the  K.2  Is  easily  recognised 
by  eotapsriRo  tha  general  background  In  the  micrographs.  Because  of  this  lower  sensi¬ 
tivity,  tho  width  of  the  solid  silver  core  and  the  delta  aura  appear  also  much  smaller 
than  they  wculd  In  G.3.  The  Z  of  the  ender  Is  estimated  ot  22. 

Tablo  III  shows  the  result  of  the  heavy  count*.  Actual  roans  were  carried  out 
only  for  dsa  highest  Z  class  covering  dra  Interval  from  Z  «  22  to  30.  The  fluxes  In  the 
throe  lower  dams  were  established  theoretically  using  values  for  the  rotative  2  abun¬ 
dances  reported  In  the  literature.  Dost  equivalents  were  computed  by  applying  QF 
values  according  to  the  recommends  Hons  of  the  OP.  In  establishing  the  dote  contri¬ 
butions  It  wed  esamod  that  all  particle*  ere  of  high  energy  travelling  at  neor-retativlitk: 

« $tmd,  In  elker  words,  minimum  LET  values  used  wore  obtained  by  multiplying  the 
minimum  IJ5T  of  protons  by  Z*.  Thb  method  underrates  the  true  exposure  because  a 
certain  fee  Him  of  tho  heavy  flux  Is  mode  up  of  particles  of  lower  energies  for  which  the 
LET  would  bo  larger  than  Z*  times  the  proton  minimum. 

Lovr-onesgy  particles  pose  a  new  problem  on  deep- space  miss  tans  which  did  not 
exist  for  user- Earth  orbital  missions  of  taw  Inclination.  CXitsIde  the  magnetosphere  In 
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&e  (phttk  spectrum  li  different  from  the  trenoatod  tfoctrom  In  near  f  ci 
e?  bsr  gea^ogaeflc  latitudes.  Tire  Influence  of  tire  geomagnetic  field  to  explained  In 
Flgyr®  II.  it  shows  the  differential  energy  spectre  tor  the  Z  >  39  group  of  sotar  minimum 
end  msxlmua.  Avoiiobto  dale  In  lire  literature  on  lire  effect*  of  color  modulation  on  lire 
taw-energy  Mctkm  of  dre  galactic  apectrura  drew  10(00  discrepancies.  TKe  fipOCtfO  In 
figure  11  represent  o  compromlso  between  ths  dtlo  of  Webber  (15)  end  dree*  of  tahubreh- 
rwsnyon  and  c9-Ml)rei  (H),  On o  near- Earth  otbllel  mlmlon  of  51.5*  geographic 
Inclination,  dre  geomagnetic  incline  Hen  oscillates  between  30*  and  49*  boreeuee  lire 
ratcttoneloRd  geeangnetta  axoscro  Inclined  11.5*  toward  each  other.  A* o  consequence, 
the  fleomesTiStk  cut-off  energy  elto  oscillates,  limiting  lire  el  lowed  spectrum  reaching 
tb®  vahtcb  to  lire  dreded  portion*  of  the  figure. 


Stoco  lire  Apollo  XI  sitadon  we*  flown  very  needy  at  sotar  maximum,  we  con¬ 
centrate  now  on  drat  curve  in  Figure  11,  redrawing  It  et  b  larger  seota  In  Flpire  12. 
OvisMe  lire  Ksagnototpher*,  (Here  Is  no  cut-off  effect  end  the  vehicle  encounter*  the 
fell  apoctrorn.  lew-otrergy  pedicle*  now  heve  free  eccera.  As o  consequence,  were 
cf  tho  portfebs  will  reech  the  ond  of  their  Ionisation  range*  within  the  emuMont  or 
dre  body  tls*3aa  themselves.  Since  die  ottemratfion  mechenkm  ef  heavy  nuclei  b  metier 
to  well  undeiiSood,  the  fraction  of  the  tncldeet  Hum  which  cen  eeeope  nuclear  col  I  Won 
end  reach  tha  "natural  *  end  of  If  renge  con  be  erasraed  draoretlcelly  when  the  Incident 
energy  spect?vm  I*  known,  TWo  dreded  onto  ft*  Figure  12  represent*  this  flux • 


Two  feature*  of  lire  spectrum  of  the  endera  ftuw  ore  cf  *pee1*1  Importance.  Firstly, 
the  spectrum  I*  eoesnttally  outside  end  below  the  lowed  cut-off  energy  fern  ttamtord 
rrecr-forth  cbJt.  Thet  means  this  type  of  heovy  particle  with  on  ewtremely  high  UT 
valuo  In  th©  gregg  poak  I*  oraatdlolly  excluded  bora  neor-farth  orbital  rntmtore.  Tble 
concfedon  to  ccnflmred  fey  our  obeenmttare.  W*  seo  Koovy  nuclei  ender*  or  thWowre 
In  the  omu  Insets  only  on  tuner  relatione.  Secondly,  lire  oratara  few  coreHtme*  only  a 
small  froetkrj  of  lire  total  heevy  Flux,  o«  con  bo  reon  by  comparing  the  r**paoHvo  orea* 
of  tho  etwtoro  fkuc  end  the  total  flu*  In  Figure  12.  Thto  conclusion  I*  otao  oonfltmod  by 
our  obcervotlonc.  Among  dre  total  poputaHon  of  heovy  Weeks  In  on  oewldon  here  o 
lunar  mtotlen,  we  tee  only  very  few  endera.  In  feet,  the  percentage  of  enderi lb  oven 
much  small*?  dren  could  bo  expected  free.  Hre  reepecthre  orees  to  figure!*.  TO*** 
Ing  Indicate®  that  tho  Inherent  heovy  diletdlng  of  dre  Apollo  vehicle  effoeds  wblonfftal 
protection  fbe  thl*  portlcutarly  undesirable  section  of  tho  Heovy  grectrura. 


fbdlcblo  logical  ly,  the  significance  of  the  htgd*  22  pertlclec  eentera  on  dre 
fractional  flu*  with  very  high  UT  valuec.  From  what  has  (ust  Hecndtaou^,  File 
fractional  flu*  Is  bound  to  depend  sensitively  on  the  local  ***^**£1" 
simitar  kwh  Ion,  os  this  Is  tht  core  for  the  endort  In  the  flu*  of 
os  long  os  no  clues  ere  oral  table  os  to  the  critical  127  veto*  beyond 
heavy- nuclei  exposure  In  mill  lied  or  mllllrera  becomes  mcanlngtam,  the  Inftvencoof 
shielding  cennot  be  onaly**.  So  fer,  oil  ottarapt*  to  prepeta  naw  doriaretrta  ualtsfer 
mkrobeom  exposure  have  been  Inadequate.  Ore  could  peculate  that  one  paremetar 

In  such.  n«/*rtl.trl«  ton*  will  h.  *.  fryWKy  V  ^ 

volume .  Since  the  nuclear  emulsions  flown  on  deep  tpoce  minions  are  portrenenf  reccrra 
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of  all  Efpsrttsbt,  #»y  wIIMm^I  thonotlvat  coolly  to  a  mamoW  of  the 
eStersafs1  ii^jSatten  «m|kmwi  ot  any  flaw  In  the  fotom  whon  a  doatnwMc  unit  will  ka 

dsfirasd. 


As  c? s  approach  the  final  took  of  adding  up  lha  grand  total  nlnton  dot*  for 
A^allo  Xlj  o  4s m  contribution  hoc  to  bo  ncottontd  for  which  mtroly  on  estimate  can 
feo  rnado  flfeas  nuclatr  ewubtons.  Wo  naan  the  doao  from  oUctrom  and  tneebted  guana 
rays.  AJfejjh  wa  know  vary  wall  lha  dantltoawfrlc  tttpontt  of  tha  various  oaaitlon 
typsaf  nsS^r  at  wall  at  ordinary.  In  lha  todloHon  pocki  to  Cobalt  60,  radtua  gown, 
end  x-tayc,  tha  tuporlapsttd  rue  leer  hacks  In  tha  oawWom  fkwn  In  goes  pravaat  any 
dcsmlleatofrk  evaluation  of  lha  doot  contribution  tn  question.  Such  evaluation  would 
alto  anasunlar  principal  ob)acHoni  koonutt  of  #w  graotly  different  onorgy  qmetro  of 
shetwitgd  gonna  ioy>  Ingns.  lha  only  elut  available  It  that  Iho  iwnbor  of 
testocue bssvy  blobs  which  tomlnatlng  electrons  product  In  G.Saad,  with  a  thlnntr 
peitwn,  In  K.I  anibkn  It,  for  Anllo  XI,  In  lha  flown  etsublea  dttdt  about  twka 
ao  latga  at  In  tha  tta-4aval  commit.  This  wild  Indicate  that  tha  nepature  fran 
•bntvem  crj$t  havo  bean  anall .  Wa  aotlnata  that  oofnana  of  SO  nlllhadaad  mllllren. 

As  all  sources  of  nepotum  havo  now  boon  discussed,  wa  psooMf  la  Tablo  IV  tho 
•nonary  doll  contributions  and  tha  grand  total  rebrfan  dose  Itself  without  fotthst  ccw- 

cssnts.  .  •“  . — * . .  ••  •  —  • 
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Heavy  Niclal  Expooira  co  Apollo  XI 


Z-Cfao 

Flux, 

Nwclal/cm* 

Abaafbad  Dam  , 
mllllrod 

tkm  Equivalent, 
Kllllroai 

6-9 

465 

0.81 

2.0 

10-12 

515 

2.2 

11.0 

13-21 

•4 

0.76 

7.6 

22-30 

76 

1.56 

25.0 

Mission  dost 

5.33 

45.6 

Mission  Pattern  8.l4doys 
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Tabic  IV 


Mtalefl  D©*3>  end  He  Components  on  Apollo  XI 


Absorbed  Dose, 

Mill  trod 

Dow  Equivalent, 
mllllrsm 

fVotera 

150 

230 

Stare 

15 

9* 

fast  nSCfcOflB 

A*  l 

- 12 

Heavy  octal 

5 

46 

EUcte3  and  grama  rays 

-30 

-30 

Total 

301 

402 

m>$  t*  mj Hvv  IM|v6ra«M  IPi  WNV1QV  wVf  SS  IfSRRffMTSfO  100*100 

I^Hon  cf  MWwi  Apolls  XI  oH  XII 
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Ffguro  2 

LET  DMfcuHoni  of  ftotun  FIuk  ond  Abdbf  Dost  EitarUUhW 
From  Tiock,  Owl*,  ond  Endow  Counts  In  0.5  ond  K.2 
Emulsions  of  foek  135 
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Figure  3 

inre$rel  Prong  Spactnrei  for  Star  Population  In  K.2  Emulator*  and 
toarltlng  Spactrum  for  Gofatta  Sfora 
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figure  4 


Micrograph  From  a  0.5  CmuWon  Stowing  Thro#  Heavy  Track* 

In  Clott  Vicinity 

Field  Szet  346  x  461  micron 
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Triple  af  Hacvy  Tmb 


PtoM  San  1l7)i  wlcfri 
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Flgura  8 


Mlcrogwph  From  a  G.5  Emulclan  Stowing  Hoovy  Tioek  Travanlng 
fanublon  at  a  ftwp  Anglo.  EsHmatad  Z  »  12  lo  8ft. 

No to  dMnfograHon  a*or  In  uppor  part  of  Hto  flald. 

Flo  Id  Scot  303  x  230  micron 


D*S?  Fte*  £1  ps?  e»ns  fcsrr  ets^ 


Kiootta  Coarfy  C,  MwAnHw 


Flyura  IV 

(X^fsntlal  Energy  Spacfro  of  Go  loot  fc  IVtarltt  of  2  aS«t  lolor  Mlnlmuai 

ond  Mwlmioi 
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KfeMtto  Cutrfy  t.  Mx/WMCfiw 


Ftpira  11 

EfiC^gy  Sp&cfao  of  Goloctfc  WomHoo  of  Z  i  ®  ot  Sohir  AAJwIwuoi 

end  Mewlrauw 


Ffguro  12 

£)lffef*ntlal  Inorgy  Spectra  of  Total  and  Endon  Flux  of  Galactic  M modes 

of  Z  0  2D  at  Solar  Maximum 


